Almost all dwarf galaxies in the Local Group that are not satellites of the Milky Way or M 31, belong to either one of two highly-symmetric planes. It is still a matter of debate, whether these planar structures are dynamically stable or whether they only represent a transient alignment. Proper motions, if they could be measured, could help to discriminate between these scenarios. Such motions could be determined with multiepoch Very Long Baseline Interferometry (VLBI) of sources that show emission from water and methanol at frequencies of 22 and 6.7 GHz, respectively. We report searches for such masers. We have mapped three Local Group galaxies, NGC 6822, IC 1613 and WLM in the bands covering the water vapor and methanol lines. These systems are members of the two above mentioned planes of galaxies. We have produced deep radio continuum (RC) maps and spectral line cubes. The former have been used to identify star forming regions and to derive global galactic star formation rates (SFRs). These SFRs turn out to be lower than those determined at other wavelengths in two of our sources. This indicates that dwarf galaxies may follow predictions on the RC-SFR relation only in individual regions of enhanced radio continuum emission, but not when considering the entire optical body of the sources. No methanol or water maser emission has been confidently detected, down to line luminosity limits of ∼ 4×10 −3 and 10×10 −3 L ⊙ , respectively. This finding is consistent with the small sizes, low SFRs and metallicities of these galaxies.
INTRODUCTION
The dwarf galaxies in the Local Group (LG), the only galaxy ensemble for which accurate 3D positions are known, reveal a surprising amount of spatial structure. The satellite galaxies of the Milky Way (MW) lie within a vast polar structure (VPOS), a thin (28 kpc root-mean-square -rms -height) plane extending to a Galactocentric distance of 250 kpc (Pawlowski et al. 2012) . Similar planes of satel-⋆ E-mail: andrea.tarchi@inaf.it lites surround M31 (Ibata et al. 2013) and Centaurus A (Müller et al. 2018) . In addition to these satellite galaxy planes, the distribution of dwarf galaxies in the LG reveals further structuring . Almost all other LG dwarfs belong to either one of two planes, termed LG plane 1 (10 galaxies) and LG plane 2 (7 galaxies). The most puzzling feature of the last two planes is their pronounced symmetry. Both planes have large diameters (1.5 to 2 Mpc), but are extremely thin (32.5 ± 1.9 and 59.9 ± 4.0 kpc, respectively). They both are inclined by only ≈ 19 degrees with respect to the stellar disc of M31, but by 30 degrees relative to each other. In addition, both planes (1 and 2) have essentially the same offset (≈ 190 kpc) from the MW and from M31, i.e. they are both almost parallel to the line connecting the MW and M31. If all these structures in the LG were dynamically stable then the galaxies would move within the associated plane, which would allow us to predict the expected proper motion of individual satellites in such structures , Pawlowski et al. 2015 . Otherwise, the structures may only represent transient alignments that would disperse as the dwarf galaxies continue their independent motions, as expected from cosmological simulations (e.g., Gillet et al. 2015 , Buck et al. 2016 . For the VPOS of the MW, this can be tested using optical proper motion measurements, revealing that indeed most of the classical MW satellites co-orbit in the (VPOS) plane (Metz et al. 2008 , Helmi et al. 2018 , Fritz et al. 2018 . Likewise, the favorable edge-on orientation of the M31 satellites as seen from the MW allowed (Ibata et al. 2013) to use only radial velocities (hereafter, to be understood as line-of-sight velocities) to demonstrate that 13 of the 15 satellites in the plane are consistent with co-orbiting motion. Unfortunately, information on the motions of dwarf galaxies belonging to the two LG planes (1 and 2) is not easily available. These planes are not seen edgeon, rendering radial velocities alone inconclusive, and optical proper motion measurements are currently not feasible due to the large distances of these objects.
For nearby galaxies, a viable method to derive proper motions is offered by VLBI studies of the 22-GHz water maser line in star-forming regions. Indeed, VLBI observations of water maser spots in phase-referencing mode allow us to measure the 3D motions of the host galaxies with respect to distant quasars. In addition, distance measurements are possible by applying the rotational parallax method to the detected maser spots with relevant implications for cosmological parameters and the total mass of matter (luminous and dark) of the LG. So far, such studies have been successfully performed on a limited number of maser spots detected in the galaxies M 33 and IC 10 (e.g. Greenhill et al. 1993; Brunthaler et al. 2005; Brunthaler et al. 2007 ). In particular, the measurement performed on IC 10 shows the potential lying in such studies for our case. This galaxy belongs to the LG plane 2, with a distance from the best-fit plane of only 37 ± 13 kpc (0.62 ± 0.22 rms heights). In addition to its radial velocity, IC 10's proper motion has been measured using water masers (Brunthaler et al. 2007 ). The resulting velocity vector of the galaxy aligns to better than 10 degrees with the LG plane 2, demonstrating the possible dynamical association of this dwarf galaxy with its plane. Alternatively, also methanol maser lines can be used for proper motion studies. This possibility, for extragalactic studies, has been further supported by the detection of methanol maser sources in M31 (Sjouwerman et al. 2010) .
Within the aforementioned framework, it is particularly important to detect as many water/methanol maser sources as possible in any galaxy belonging to the LG and, in particular, in the LG dwarf galaxies belonging to the LG planar structures 1 and 2. Until recently, water maser sources in the LG were found only in M 33 (3 sources), IC 10 (2 sources), the LMC (30 sources) and the SMC (6 sources; see Henkel et al. 2018 , and references therein). Possible causes for this low-detection rate can be both the difficulty to map the entire body of the galaxies and the limited sensitivity of the observational campaigns. The former motivation is especially dramatic for M 31 that covers (due to its size and proximity) a huge area of the sky (120 ′ × 40 ′ ). Indeed, at the end of 2010, the first detection of maser emission in five (out of 206) 24 µm selected regions in M31 has been obtained with the Green Bank Telescope, GBT (Darling 2011) . A few months earlier, the detection of methanol maser emission was reported by Sjouwerman et al. (2010) in the disk of M31. However, the lack of a counterpart at another wavelength was sometimes reported in maser detections (see, e.g., Becker et al. 1993 for IC 10-NW; for one case in M 31). This strongly motivates un-biased searches for maser sources in fully-sampled spectroscopic images rather than focusing only on well-known isolated hotspots.
This paper reports the first results of a large project, carried out with the Sardinia Radio Telescope (SRT), aimed at mapping the radio continuum and spectral line emission at C (λ ∼ 5 cm) and K (λ ∼ 1.3 cm) band from 14 (out of a total of 17) Local Group dwarf galaxies belonging to the LG planar structures 1 and 2, and being visible at the SRT latitude (and excluding IC 10). The final aim of the project is that of obtaining spectro-polarimetric maps of the full optical body 1 of the galaxies with the SRT at a resolution of about 3 ′ and 1 ′ , at C and K band, respectively. The main scientific goals are: i) to detect spectral line emission in the observed band, in particular from the 6.7-GHz methanol and 22-GHz water maser lines and to locate them with highenough precision for interferometric follow-up studies; ii) to obtain deep and full polarization maps of the radio continuum emission. These will provide relevant clues on individual star forming regions hosting groups of thermal (compact or regular HII regions) and non-thermal (radio supernovae and supernova remnants) sources present in the target galaxies. The present work reports the details of the observations and data reduction (Sect. 2), and summarizes the main results achieved on the first three galaxies analyzed, so far, NGC 6822, IC 1613, and WLM (Sect. 3). Sect. 4 provides a discussion on the interpretation of the intensity and distribution of the radio continuum sources, and of the number of maser detections found in the three targets. The last section itemizes the main conclusions produced by the first part of this large project. The results for the other galaxies in the sample, together with a more comprehensive study of the sample, will be the subject of a subsequent paper (Paper II).
OBSERVATIONS AND DATA REDUCTION
Observations were performed with the SRT (Bolli et al. 2015; Prandoni et al. 2017, and references therein) in the framework of the Early Science Program (ESP) which started on February 1, 2016 and lasted for about six months.
Our project, labeled ESP-S0003 (220 hours; PI: A. Tarchi), aimed at mapping the full extension of 14 (out of a total of 17) Local Group dwarf galaxies belonging to the LG planar structures 1 and 2 that were visible at the SRT latitude (excluding IC 10). We used the C and K band receivers 2 in conjunction with the SARDARA, ROACH2-based digital backend (Melis et al. 2018) . At C-band we observed with an actual bandwith (BW) of 1.2 GHz centered around 6.6 GHz, in order to cover both methanol and excited OH maser line transitions (near 6.7 and 6.0 GHz, respectively), while trying to avoid strong RFI present at 5.9-GHz. At K-band, the 1.2-GHz actual band was centered close to (but not coincident with 3 ) the frequency of the main water maser line (rest frequency 22.23508 GHz) Doppler-shifted by the systemic heliocentric velocity of the targets (taken by McConnachie 2012). We used the 1.5-GHz (nominal) band SARDARA configuration with 16384 channels, yielding a frequency resolution of ∼ 91 kHz (≈ 4 km/s and 1.2 km/s, at C and K band, respectively).
The spectroscopic check of the system was done by observing, in position-switching mode, the strong methanol and water maser emission in the well-known source W3(OH).
All maps were performed using the On-The-Fly (OTF) mapping technique using scan speeds between 3 • /min (at C band) and 1-3 • /min (at K band, depending on the size of the map; the smaller the map, the lower the speed). At C band we mapped, for all galaxies, square regions of 21 ′ × 21 ′ centered on the target coordinates (J2000 epoch), as reported in the NASA/IPAC Extragalactic Database (NED). The area was covered with 29 scans (in each direction) separated by 45 arcsec along both RA and DEC, with an acquisition rate of ∼ 30 spectra/sec, thus properly sampling the ∼ 3 ′ SRT beam at C band. At K band the size of the regions observed depends on the optical size of the galaxy. For NGC 6822 and IC 1613, we mapped a region of 18 ′ × 18 ′ with a 15 arcsec separation along both RA and DEC (thus 73 scans, in each direction), while for WLM a 12 ′ × 12 ′ sized map with a 15 arcsec separation (49 scans, in each direction) was performed. The size of the maps at C band included the full optical body of all three galaxies (see Table1). At K-band, the whole optical extent of the galaxy WLM was mapped, while for the most extended targets, NGC 6822 and IC 1613, the maps were slightly smaller with respect to (w.r.t.) the optical major axis, viz. 18 ′ vs. 19 ′ (see Table1). The acquisition rate was ∼ 60 spectra/sec sufficient to have a proper sampling of the ∼ 1 ′ SRT beam at K band. Multiple maps along RA and DEC were performed for each galaxy that were later averaged to increase the final sensitivity. Table 2 reports all the details of the observations. The data were calibrated by using the proprietary Single-dish Spectral-polarimetry Software (SCUBE; Murgia et al. 2016 ). The name of the observed calibrators are reported in Table 2 , together with an indication on which of them were used for the flux and/or polarization calibration. The steps of the data reduction, including flux density, polarization calibration, and RFI flagging for a standard spectro-polarimetric on-the-fly SRT data set are thoroughly described in Murgia et al. (2016; their Sect. 3) and Govoni et al. (2017; their Sect. 3.1) . Hence, with the exception of possible peculiar problems related to the data reduction of our project, the steps will not be repeated here. In addition, with SCUBE we have also performed total intensity and polarization imaging using the methods described in Murgia et al. (2016, their Sects. 4.1 and 4.3) and Govoni et al. (2017, their Sects. 3.1.1 and 3.1.2). Unfortunately, the polarization calibration at K band failed, due to problems under investigation, and hence, only polarization imaging at C band is reported and discussed in this paper.
We created total intensity image cubes of all 16384 channels both at C and K band, and produced radio continuum images by averaging the inner 80% of the whole bands, after removing the channels where birdies are known to be present. Cubes at different epochs were re-aligned in velocity using SCUBE, in order to account for the Doppler shift introduced by the Earth rotation. The proper velocities were computed by using 'offline' the FTrack software (Orlati et al. in prep.) developed for the Italian radio telescopes and not yet implemented for SARDARA backend acquisitions at the time of the observations. For each source, cubes at different epochs were finally averaged and the averaged cubes searched for methanol and water maser line features using the following method and criteria:
• we used the first step of the identification process described in Surcis et al. (2011, their Sect. 3.1) . This implies the use of a program called "maser finder" (developed by S. Curiel), which is able to search for maser spots, velocity channel by velocity channel, with a signal-to-noise ratio greater than a given value (in our case, a 5-sigma limit was used);
• we limited our search to a frequency window corresponding to a range in velocity of ± 200 km s −1 , centered on the frequency at which the 6.7-GHz methanol and 22-GHz water maser line is expected due to the systemic heliocentric velocity of the galaxy (taken from McConnachie 2012);
• we collected all candidate maser features found in the process;
• we considered as detections those candidate maser features whose peak flux density exceeds by seven times the rms found in the spectrum at the position of the feature;
• we considered as tentative detections those candidate maser features whose peak flux density was between four and seven times the rms found in the spectrum at the position of the feature (see also Appendix A).
The analysis of the radio continuum and spectral line maps was mainly led utilizing standard tasks implemented in the NRAO Astronomical Image Processing System (AIPS 4 ).
The overlays presented in Sect. 4.1 were produced using the 'kvis' image/movie viewer in the KARMA software 5 . Table 1 . Target name and coordinates, LG plane to which the galaxy seems to belong (see Sect. 1), distance, and optical size. 
RESULTS
Figures 1, 2, and 3 show the total intensity radio continuum maps of the three target galaxies, NGC 6822, IC 1613, and WLM obtained from our SRT observations at C and K band. There is evidence of a number of emitting spots above an average three sigma level in our maps of about 2 and 6 mJy/beam for the C and K bands, respectively. Peak and integrated flux densities are reported in Tables 3  to 5 . The estimated systemic uncertainty on the absolute flux density calibration for C and K band is ∼ 5% (e.g., Battistelli et al. 2019 ) and ∼ 15% (this work) 6 , respectively.
6 This uncertainty at K band has been estimated by applying the same flux calibration performed on the target using 3C 286 to a handful of primary calibrators observed during the observations For unresolved sources, all parameters were determined fitting a 2-dimensional Gaussian with AIPS task JMFIT. In the Gaussian fitting process neither the major nor minor axis sizes were allowed to be smaller than the beam size. For resolved sources, the peak position and flux density were obtained, as before, using JMFIT, while the integrated flux density was estimated using the task TVSTAT over a polygon enclosing the emission down to the 3σ level. The errors of NGC 6822 (in particular, 3C 48, 3C 147, and 3C 295). The measured flux densities have been compared with those obtained using the standard equations and coefficients reported in Perley et al. 2013 . Our estimate is consistent with the value (10%) reported by Loru et al. 2019 . Our larger uncertainty is likely related to worse average weather conditions and/or the low-elevation of the source(s) during the observations. on the peak positions were directly provided by the task JMFIT. The uncertainty on the peak flux densities has been conservatively assumed to be the noise of the maps, while that of the integrated ones was computed using the formula reported in Panessa et al. (2015, their Sect. 3) . In both cases, when the value obtained was less than the uncertainty on the absolute flux density calibration, the uncertainty was assumed to be 5% and 15%, for C and K band, respectively. In addition, our observation allowed us to obtain Full Stokes information at C-band (ν ∼ 6.7 GHz), and hence, to obtain the percentage of polarization of the radio emission at C band. The left panels of Figures 1, 2, and 3 show electric field polarization vectors overlaid on the C-band total intensity images. The length of the vectors is proportional to the polarization percentage, while their orientation represents the polarization angle. The fractional polarization shown is above 3σ F POL . The uncertainty on the fractional polarization ranges from 1 to 20%, depending on the target and on the position within the map. The error on the polarization angle is less than 10 • .
As mentioned in Sect. 2, the C and K band cubes for our three galaxies were searched for methanol and water maser emission lines, respectively. At C band, no feature has been found above a 4 sigma level (1σ ≈ 60 mJy/chan for a 4-km/s wide channel; see also Table 7 ). No water maser detection has been found above a 7 sigma level (1σ ≈ 100 mJy/chan for a 1.2-km/s wide channel; see also Table 7 ).
DISCUSSION

Radio continuum sources
The radio continuum (RC) maps produced by averaging in frequency the radio data cubes show the presence of several radio continuum sources both at C and K band. As discussed in two past works by Chyży et al. (2003) and Chyży et al. (2011) , and, more recently, by Hindson et al. (2018) , some of these sources may be unrelated to the target objects, being emission produced by background sources. In order to try evaluating which sources belong to the target galaxies, we have derived their spectral index, considered polarization properties and compared our radio continuum maps with those taken at other frequencies, e.g. radio, optical and, UV.
In order to derive the spectral indices of the sources, we have compared our SRT K-band maps with those taken from the NRAO VLA Sky Survey (NVSS) at 1.4 GHz (Condon et al. 1998 ). The resolution of the two maps are comparable, 50 ′ and 45 ′ for the SRT and VLA images, respectively, allowing to identify the main centers of radio continuum emission at both frequencies. The last columns of Tables 3, 4, and 5 report the spectral index between 1.4 and 22 GHz, α 22 1.4 (with S ∝ ν α ) of the sources detected above a three sigma level, at both frequencies. The error on the spectral indices has been computed, using the standard error propagation formula, from the errors reported for the sources at K-band (Tables 3 to 5) and those obtained from the NVSS source catalog (Condon et al. 1998) .
A preliminary association of the radio continuum sources with the galaxies is mainly based on the presence (or absence) of optical/UV/FUV counterparts (Figs. 4, 5, & 6) . In NGC6822, the target labeled NC3C is clearly offset w.r.t. the optical body of the galaxy. This and the presence of linear polarization (up to ∼20±5%) hints at a non-thermal nature of the emission. This makes the object a background source candidate. Similarly, background source candidates are also sources IC1C in IC1613, and WC1C, WC2C, and WC8K in WLM. The other radio continuum sources detected in the three targets lie to some extent within the optical body of the galaxies. However, for NGC6822, NC4C shows linear polarization in the northeastern extension with a percentage between 10±5 and 22±10, and also, although at a lower level (5±1%), close to the source peak. Indeed, NC4C is also resolved into, at least, two sources at L-and K-bands, both with negative spectral index (see Table 3 ), thus hinting at a nonthermal nature of the emission. This, together with the lack of evident counterparts at other wavelengths, conceivably makes NC4C a background object. The same conclusion was also reached by Chyży et al. (2003) .Notably, at resolution and frequencies comparable to those in our study, polarization fractions of the order of some 10 percent (as also found in NC3C, see above) are not unusual in radio sources, and, for example, in the case of tailed radio galaxies, are expected to increase along the tail reaching values above 50% (see, e.g., Feretti et al. 1998 ). All other sources in NGC6822 are either related to the target objects or are of ambiguous nature 7 . In the case of IC1613, the detected radio continuum sources are all of ambiguous nature. Indeed, the case of IC1C is quite peculiar. The source is linearly polarized (between 5 and 10 %) and is resolved into three centers of emission at K band. However, the spectral index of the brightest component is flat, possibly indicating a thermal origin. Thus, despite the source being at the outskirts of the optical body of the galaxy, it cannot be confidently classified as a background source, although in the following discussion it will be treated as such. For WLM, the spatial distance of the radio continuum sources to the main optical emitting regions favors a scenario in which these sources are unrelated to the galaxy, with the exception of sources WC4K, and WC5K (a&b), that have some (weak) optical counterparts.
In Table 6 , we report the C-band radio continuum flux of the target galaxies derived by integrating over an area covering the optical body of the galaxy. Integrated fluxes were measured both including the emission coming from all sources in the map and subtracting the contribution by the most likely background source candidates (see the discussion above) 8 . Uncertainties on the integrated fluxes were computed using the formula reported in Panessa et al. (2015, their Sect. 3) . In all cases, the values obtained were larger than the uncertainty on the absolute flux density calibration, i.e. 5% (see Sect. 3). The star formation rate (SFR) of each galaxy from the emission at 6.7 GHz, computed by using the 
where A and n are the Best-fit parameters for the RC-SFR relation, derived by Hindson et al. for their data using different approaches (their Section 4.6). For our estimates, we used an average value of these parameters (Hindson et al. (2018, their Table 6 )), of 20.1 and 0.9, for A and n, respectively.
In Table 6 , we also report the computed values of the SFR in the three galaxies, obtained from the 1.4 GHz lu- The 1.4 GHz luminosities are derived from the 6.7 GHz luminosities, assuming a spectral index of 0.75 (Gioia et al. 1982) . 9 The last column of Table 6 reports the SFR of the three targets reported by Mateo (1998) and derived by using the Hα emission.
Reported errors for the luminosities and SFRs take into account, through the standard errors propagation equation, 9 This value is the average spectral index value estimated for spiral galaxies. For dwarf irregular galaxies, flatter radio continuum spectra than those of 'normal' spiral galaxies, have indeed also been suggested (e.g., Klein & Gräve 1986 ). This would, however, reduce the extrapolated 1.4-GHz luminosities, and the corresponding SFRs, thus further reinforcing our considerations.
both the flux density uncertainties and those for the galaxy distance (see Table 1 ). When comparing the SFRs obtained in this work with those reported, without an associated uncertainty, by Mateo (1998) , it has, however, to be considered that the distances used for the galaxies are the same.
The SFRs derived at radio frequencies from Eqs. 1 and 2 agree fairly well. For NGC 6822 all RC-based SFRs are (significantly) lower than that obtained with Hα. For IC 1613, instead, excluding the RC emission background source candidates in the SFR computation provides a better match with the Hα-based SFR, possibly confirming that IC1C is indeed not associated with the galaxy. For WLM, SFRs derived from the radio continuum are consistent with those derived by using the Hα emission only when considering all the emission present in the field as belonging to the galaxy (that, as said before, is unlikely). Overall, however, for two 3, 4, 6, 8, 10, 10, 15, 20, ..., 80) mJy. Electric field polarization vectors are overlaid. The length of the vectors is proportional to the polarization percentage (with 50% being a bar of ∼ 0.75 arcmin), while their orientation represents the polarization angle. The error on the polarization angle is less than 10 • , and the fractional polarization is above 3σ F P O L . Right: SRT K-band total intensity 12 ′ × 12 ′ image of WLM resulting from the spectral average of the inner 80% of the bandwidth. For this source, the original beam was convolved to a FWHM size of 1.4 arcmin (bottom-right corner). The noise level is 1.9 mJy/beam. Contour levels are 1.9 × (3, 3.5, 4, 4.5, 5, 6, 7) mJy. out of our three targets, the global SFRs derived by 'optical means' are higher than those derived by us using radio continuum data. This is consistent with the conclusions of Hindson et al. (2018) . Indeed, they find that their targets (i.e., dwarf galaxies) follow the theoretical predictions of the RC-SFR relation only in individual regions of enhanced radio continuum emission but, apparently, not when considering the entire optical disks of the galaxies.
The paucity of methanol and water masers in dwarf galaxies
For this project, for the first time, the full optical body of the galaxies NGC 6822, IC 1613, and WLM was searched for spectral line emission at 6.7 and 22 GHz. In the past, only water maser emission was searched for in these galaxies but these searches were limited to individual regions, typically associated with enhanced Hα or FIR emission (see Brunthaler et al. 2006, hereafter BHB, and references therein) . As mentioned in Sect. 1, the possible absence of an optical counterpart associated with a maser source, makes (2, 4, 6, 8, 10, 15, 25, 35, 45, 55) mJy and 2 × (3, 3.5, 4, 4.5, 5) mJy, for the C and K band, respectively. the need to create fully-sampled spectroscopic images of the entire optical extension of the galaxies particularly important, in order to confidently assess the occurrence of maser emission in the target galaxy.
For the three targets of our study, the lack of confident line detections, both at C and K bands, indicates a general absence of (strong) maser emission in dwarf galaxies. In the following two subsections, we try to associate the aforementioned absence to the main peculiarities of dwarf galaxies. (2, 3, 4, 6, 12, 24, 36, 48, 60) mJy and 1.7 × (3, 6, 9, 12, 15, 18, 21) mJy, for the C and K band, respectively.
The modest star forming rate
For water masers, our result confirms the conclusions obtained by BHB. Indeed, for water masers, their study indicates that a value for the expected number (N) of masers can be computed using the luminosity function (LF) for H 2 O masers in our Galaxy, empirically derived by Greenhill et al. (1990) and accounting for the different star formation rates (SFR) of the target galaxy and that of the Milky Way 10 . Figure 6 . Combination of a FUV Galex map of WLM with the SRT radio continuum C (white) and K (red) band contour maps overlaid. Contour levels are 0.4 × (2, 2.5, 3, 4, 6, 8) mJy and 1.9 × (3, 3.5, 4, 5, 6, 7) mJy, for the C and K band, respectively.
For H 2 O masers, the expected number of sources with an isotropic luminosity larger than a certain value, L H 2 O , is:
where the luminosity in the 22 GHz line L H 2 O (in L ⊙ ) is taken as the (4σ) detection threshold of our observations, S (in Jy), derived from the maser linewidth assumed to be equal to the velocity width of the channel (∆v; 1.2 km/s, in our case), and from the distance (in Mpc) of our target galaxy, using the equation
For example, with a 3σ detection threshold of 30 mJy/chan (millyJansky/channel) for a 1-km/s wide channel, and using SFRs for the Milky Way and M 31 of 4 M ⊙ yr −1 (Diehl et al. 2006 ; from the frequency of core collapse supernovae derived by gamma-ray measurements) and 0.35 M ⊙ yr −1 (Walterbos & Braun 1994 ; from the extinctioncorrected Hα luminosity), respectively, we obtain an expected number of maser sources in M 31 of about 3. This number is fully consistent with the water maser detections obtained in M 31 by Darling (2011) and Darling et al. (2016) . Similarly consistent results are also found for the other LG galaxies where water masers have been found 11 , exclusively masers associated with star formation. Indeed, there is no AGN related H 2 O (mega)maser in the LG. 11 Slightly different numbers and conclusions are, however, reached for the Large and Small Magellanic Clouds by Breen et al. (2013) with the exception of IC 10 in which an overabundance of masers with respect to the expected number is detected (see BHB, and references therein). Table 7 reports the number of water masers expected for the three galaxies in our study, with a luminosity larger than the threshold corresponding to the 4σ level of our cubes. As evident, the expected number is small for all galaxies (close to zero for IC 1613 and WLM). Indeed, for NGC 6822, lowering the luminosity threshold by an order of magnitude (2-3 orders of magnitude are instead required for dwarfs with SFRs similar to those of IC 1613 and WLM) would bring the expected number to unity, opening the possibility for a detection but this would require an extremely long observation, when not led with the aid of a multi-feed receiver or with an extremely sensitive facility.
For methanol masers, a relation similar to Eq. 3 can also be derived by using the information reported in Quiroga-Nuñez et al. (2017) . Using their value for the slope of the LF (α = -1.43) and the reported total number of Galactic methanol masers of 1300 (Quiroga-Nuñez et al. 2017) , computed integrating between 10 −8 and 10 −3 L ⊙ (from Pestalozzi et al. 2007) , the complete relation for the LF can be now be expressed as f (L) = 0.2 × L −1.43 . Hence, the expected number of 6.7-GHz methanol masers with an isotropic luminosity larger than a certain value, L C H 3 OH , is:
where L C H 3 OH (in L ⊙ ) is taken as the (4σ) detection threshold of our observation, S (in Jy), from the maser linewidth assumed equal to the velocity width of the channel (∆v; 4.1 km/s, in our case), and from the distance (in Mpc) to our target galaxy, using the equation Table 7 reports the number of methanol masers expected for the three galaxies of our study, with a luminosity larger than the threshold corresponding to the 4σ level of our cubes. Also in this case, the expected numbers are small, well below unity.
For the computation of the expected number of both water and methanol masers, we used the SFRs derived from extinction-corrected Hα fluxes, as reported in (Mateo 1998 , see also Table 6 ). Using the SFRs derived by us from the radio continuum (Table 6 ) would yield even lower values for the expected numbers and would not change our conclusions.
The low metallicity
Dwarf irregular galaxies are relatively low mass, gas-rich, metal-poor, and are sometimes forming stars as shown by their H ii regions (e.g., Lee et al. 2005) . Indeed, our three targets have low metallicities, with 12 + log(O/H) values of 8.0, 7.9, and 7.8, for NGC 6822 (Schruba et al. 2017) , IC 1613 (Bresolin et al. 2007) , and WLM (Rubio et al. 2015) , respectively. This corresponds approximately to 15-20 % of the solar value (∼ 8.7, from Asplund et al. 2009 ). While, as discussed in the previous section, the star formation rates for these galaxies are already lower than those of regular spirals, resulting in low expected numbers of masers in dwarf galaxies, it is reasonable to assume that the low oxygen and carbon abundances, together with a low abundance of other a) The expected maser numbers are computed using the SFRs derived from extinction-corrected Hα fluxes, as reported in Mateo (1998;  see also Table 6) processed elements and dust, may influence the possibility to have a large fraction of water and methanol molecules, further reducing the possibility to have maser emission from these species. The chemical modelling of dark clouds in the Magellanic clouds by Millar & Herbst (1990) indicates, however, that the scaling between molecular and elemental abundances, except for the CO molecule, does not follow a simple pattern and that the molecular abundances depend on the varying C, O and N elemental abundances in the models in a complex manner. From the observational point of view, the CO content and distribution in low-metallicity dwarf galaxies has been recently studied using ALMA observations by, e.g., Rubio et al. (2015) and Schruba et al. (2017) . Their conclusions mainly point to the presence of compact CO clumps, with small radii, narrow line width, and low filling factor across these galaxies. The confined nature of the CO emission agrees with a scenario invoking a lack of dust shielding that would push CO emission deep into molecular clouds in low metallicity objects. Within this framework, the same absence of dust shielding, and, correspondingly, smaller fraction of dust grains could prevent the formation of some molecules, as methanol and water are typically formed via reactions on grains surfaces. It could also increase the efficiency of photo-dissociation and photo-ionization on the molecules after their formation caused by external radiation. This seems to be true for the methanol molecule, thought to be produced by the hydrogenation of CO on dust grains and released into the gas phase by thermal and/or non-thermal desorption (e.g., Watanabe & Kouchi 2002) . Indeed, a low abundance of dust grains would then make the methanol formation inefficient, explaining the lack of detected methanol lines in the LMC and IC 10 (Nishimura et al. 2016 , and references therein). Hence, it is not far-fetched to assume that a similar scenario applies also to the water molecule, although this hypothesis has not, to our knowledge, been investigated yet. If this scenario is confirmed, the expected number of maser sources suggested by Eqs. 3 and 5 would provide upper limits.
CONCLUSIONS
During Spring 2016, we obtained on-the-fly (single-feed) maps of the continuum and spectral line radio emission over the full optical extents of 14 Local Group dwarf galaxies, belonging to two highly-symmetric dynamical planar struc-tures, with the Sardinia radio Telescope (SRT), at C and K band. The data for the first three galaxies, NGC 6822, IC 1613, and WLM, were reduced and analyzed in order to obtain the distribution and intensity of the radio continuum emission from the targets and, to search, for the first time across the entire extension of the galaxies, for methanol and water (maser) sources to be used for follow-up VLBI proper motion studies. We summarize our results and conclusions as follows:
• radio continuum emission has been detected in all maps, mainly coming from discrete sources, although a diffuse component is also seen in the C-band map of NGC 6822. Spectral indices for the sources have been estimated with values consistent with a mix of thermal and non-thermal origin. Polarization properties at C band have been also inferred, showing that some sources are linearly polarized with percentages higher than 20 %. Indeed, some of the radio continuum sources have been found unrelated to the galaxies and are likely produced by background objects.
• global star formation rates have been derived from the radio continuum emission detected from the galaxies. They have been found to be, on average, lower than those obtained at other wavelengths. This may suggest that, as also concluded by other authors, dwarf galaxies do not follow the theoretical predictions of the RC-SFR relation when the whole optical disks are considered, while the correlation holds for individual regions of enhanced radio continuum emission.
• No 6.7-GHz methanol and 22-GHz water maser emission has been detected in the three targets, with isotropic luminosity above a few thousandths of solar luminosities. This is consistent with past studies that indicate that the number of maser sources (associated to star-formation activity) in a galaxy should decrease with its star formation rate. In addition, a low metallicity may reduce the abundance of the masing molecular species, because of a smaller fraction of dust grains where such molecules typically form and from which molecules are shielded by the strong radiation field. Hence, the combination of low star formation rate and low abundance of heavy elements in irregular dwarf galaxies could work against a widespread presence of maser sources in this class of galaxies.
Overall, our study has further shown the potential of the SRT in performing on-the-fly fully-sampled spectropo-larimetric maps of extended sources in the sky. It has, however, also pointed out the necessity to perform sufficiently sensitive measurements (between 1 to 3 orders of magnitude deeper, depending on the target's star formation rate, than the one reported in this work) when weaker or elusive star formation related (maser) lines are searched for in dwarf galaxies. This necessarily implies extremely long integration times, especially at high frequencies, something unsustainable for modern, often over-subscribed facilities. Therefore, the use of multi-feed receivers in this kind of studies becomes mandatory. Indeed, a 7-feed K-band receiver has been recently offered also for spectropolarimetric measurements at the SRT, making deep spectral line surveys in extended objects now possible. In addition, the SKA telescope and the ng-VLA, with their unique sensitivity, will ultimately be game-changers in this kind of studies.
APPENDIX A: WATER MASER TENTATIVE DETECTIONS
In our search for maser sources, we considered as tentative detections those features that were detected at a signal-tonoise (SNR) level between a 4 and 7 σ (see Sect. 2). While no candidate detections were found at C band, a small number (12) of tentative water maser detections have been found, at K band, in each of the three galaxies, among which, one in IC 1613, is seen at a 5.9-sigma level ( Table A1 ). The extremely low number of maser sources expected to be detectable in the galaxies (Sect. 4) makes, however, highly unlikely that all these detections are real.
From a statistical point of view, we can estimate the probability that the 5.9-sigma tentative line detection, labeled IL4K, in IC 1613, obtained by us in a single channel is spurious or not. Assuming a Gaussian distribution, the number of possibilities to have a n-sigma spurious event in a galaxy is given by the number of positions/pixels (58×58 or 28×28, for NGC 6822/IC 1613 and WLM, respectively) times the number of channels (326) searched for a feature, times the probability to have a n-sigma spurious event. For a 5.9-sigma significance, the expected number of spurious detections are 0.004, 0.004, and 0.001, for NGC 6822, IC 1613, and WLM, respectively. For a 4 to 5 sigma significance, instead, the expected number of spurious detections ranges between 72 (4 sigma) and 0.65 (5 sigma), for NGC 6822 or IC 1613, and between 16 (4 sigma) and 0.15 (5 sigma) for WLM. Therefore, while some of the tentative detections at 4 to 5 sigma may indeed be expected to be factitious, the 5.9sigma tentative detection can be considered as a significant maser candidate.
From an observational/astrophysical point of view, the IL4K water maser source line IC 1613 is detected in a single channel of 92 kHz (∼ 1.2 km/s at 22 GHz) with a peak flux density of 0.38 Jy, thus corresponding to an isotropic luminosity of about 0.005 L ⊙ . The velocity of the feature is blueshifted w.r.t. the systemic velocity of the galaxy by ∼ 120 km/s (Table A1 ) and the location of the maser line does not coincide (although it is very close to) any obvious center of activity at FUV or radio wavelengths (see Fig. A1 ). IL4K, because of its characteristics, may resemble IC 10-NW, one of the two maser sources (somewhat unexpectedly; see Sect. 4) found in IC 10 (Argon et al. Figure A1 . Zoom-in of Fig. 5 , showing the FUV Galex map of the region of IC 1613 where the water maser 5.9-sigma tentative feature has been observed with the SRT. The yellow cross indicates the position of the feature (see Table A1 ).
IL4K
integration times of about 30 minutes (for the SRT) and 12 minutes (for Effelsberg), yielding a similar rms noise of ∼ 30 mJy/beam in a 25 and 38 kHz channel, for SRT and Effelsberg, respectively. Oddly, and unfortunately, no line was detected at the velocity of the features originally detected in our ESP project above a 3-σ level of 100 mJy/chan. Strong variability is indeed a possible explanation, given that narrow star-formation water maser features are typically highly variable (see, e.g., Felli et al. 2007 ). However, the variability scenario would also imply a decrease of more than a factor 3-5 of the flux density in all three features within the same three-years period. Hence, the possibility that (some of) the tentative line emission features detected in our survey may be produced by backend artifacts or RFI, rather than having an astrophysical origin, cannot be confidently excluded. Additional follow-up observations of the other 9 tentative detections reported and/or a monitoring of the three aforementioned tentative targets would be therefore advisable.
This paper has been typeset from a T E X/L A T E X file prepared by the author. Table A1 . Tentative water maser features in NGC 6822, IC 1613, and WLM. The heliocentric velocity of the galaxies from McConnachie (2012), V S y s , are -57, -233, and -130 km/s, for NGC 6822, IC 1613, and WLM, respectively. The uncertainty on the feature coordinates and velocities are given by the map cellsize (15 ′′ ) and channel width (1.2 km s −1 ), respectively. The uncertainty on the feature peak flux density is conservatively assumed to be the spectrum noise at the feature position (column 7). 
